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Use of DQtvanio nic and DQlvanionlcallv-derivatised natural polysaccharides for inhibiting 
flifcflline Phosphatase 

The present invention relates to the use of poiyanionic and polyanionlcally-derivatised 
natural polysaccharides or non-derivatised natural polysaccharides for Inhibiting alkaline 
phosphatase as well as to oral preparations comprising these compounds. 

In the dental area there is often the problem of formation of plaque (tartar, calculus) pro- 
duced by bacterial adhesion to natural or artificial teeth or to the gum and promoting the 
development of caries and gum diseases such as parodontosis. Tartar is understood to 
mean deposits which fomn at the margin of the gum on the surface of the teeth. These de- 
posits consist both of inorganic material - in particular calcium hydrogenoxyiapatite (HAP) - 
and of organic components, such as epithelial ceils, food particles, saliva sediments and 
different kinds of microorganisms. 

V This whitish, yellowish or often blotchy tartar is undesirable not only because of its appear- 

ance but mainly because it gives constant occasion to irritations of the oral mucosa and to 
the development of gingivitis and diseases of the theeth and teeth socket. Such deposits are 
prevented on the one hand by daily dental care and by the concomitant microdecalcification. 
In addition, It is usually necessary to have the dentist remove tartar mechanically from time 
to time. 

Safe and effective agents for inhibiting tartar formation are, for example, the water-soluble, 
moleculariy dehydrated polyphosphates known as sequestrants and chelating agents, such 
as hexametaphosphates, tripolyphosphates and pyrophosphates, which prevent the fonna- 
tion of HAP (cf. US-A-4,515 J22). In oral application, however, the effect of these com- 
pounds is significantly reduced by the saliva enzymes present in the mouth and throat area, 
such phosphate compounds being hydrolysed in particular by alkaline phosphatases. 

US-A-5,094,844 proposes to reduce the deactivating effect of alkaline phosphatase, i.e. ttie 
hydrolysis of the linear moleculariy dehydrated polyphosphates, by addition of an anionic 
polyvinyl phosphonate. 
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It is the object of this invention to provide further agents which reduce the negative effect of 
alkaline phosphatase. 

Surprisingly, it has now been found that the use of polyantonic and polyanionically-derlva- 
tised natural polysaccharides or non-derivatlsed natural polysaccharides has an inhibiting 
effect on alkaline phosphatase* 

Accordingly, this invention relates to the use of pdyanionic and polyaniontcally-derivatised 
natural polysaccharides or non-derivatised natural polysaccharides for inhibiting alkaline 
phosphatase. 

In particular, this invention relates to the use of polyanionic and polyanionically-derivatised 
natural polysaccharides for inhibiting alkaline phosphatase. 

The polyanionic and polyanionically-derivatised natural polysaccharides used are preferably 
mucopolysaccharides and other polyanionic natural polysaccharides, such as hyal- 
uronic acid or carageenan, 

polyanionic derivatives, for example sulfates, methylcarboxylates, phosphates etc. of 
natural, nonanionic polysaccharides, such as dextrans, xanthans, glucans. 

Polyanionically-derivatised natural polysaccharides are preferably those compounds which 
contain phosphate groups, phosphonate groups or methylphosphonate groups, such as 

chitin derivatives, for example sulfochitins, carboxymethylchifins, phosphochitins 
or, in particular, 

chitosan derivatives, for example sulfochitosans, carboxymettiylchitosans or, very 
particulariy, phosphochitosans. 

The polyanionic and polyanionically-derivatised natural polysaccharides used according to 
tills invention preferably have a molecular weight of > 5000. 

Preferred phosphochitosans are in particular phosphonomethylated chitosans conresponding 
tofonmula 
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(1) 



wherein 

is tiydrogen or a radical of formula 

I 

(la) X,— o— P=o ; 

o— 



is a radical of formula (1a): 



and are each independently of tfie other hydrogen, Cj-Cgalkyl or an alkali ion or 
ammonium ion; and 
n is20to4000. 



Very particularly preferred are phosphonomethylated chitosans of formula 
.O 




CHa-in 



0=P — 0-X, 



I 

wherein 

and X2 are as defined for fonmula (1). 



Most interesting are those compounds of fonnula (1) or (2), wherein 
X, and Xg are each Independently of the other alkali metal, and 
n is20to1000. 



^ 
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The non-derivatised natural polysaccharides used according to this invention are preferably 
glucans. It is prefenred to use p-1 ,3-glucans corresponding to fomnula 



wherein 

n is a number corresponding to an average molecular weight (MW) in the range from 
>5x10^ to 10x10^° and, very particularly, from 10^ to 10^ 

It has also been found that the polyanionic and polyanionically-derivatised natural poly- 
saccharides and the non-derivatised natural polysaccharides used according to this inven- 
tion, in particular the phosphonomethylated chitosans of formulae (1) and (2) and the p-glu- 
cans of formula (3), inhibit the adhesion of microorganisms, in particular of anaerobic micro- 
organisms, on solid surfaces, especially in holes, interspaces, deposits, pockets in the 
mouth and throat area, and that they thus reduce or inhibit the negative effects of these 
germs, in particular the fonnation of plaque and calculus, or dental decay, bad breath 
(malodor) and deposits on dentures. 

These compounds can also detach the microorganisms from solid surfaces (desorption). 

Forming complexes with the Zn. Sn and Mn, Al, Sb, Zr, La, Hf , Ta. Ir, Gd metals, these 
compounds are furthermore able to desensitise e.g. over^ensitivity on teeth. 



(3) 




The buffer capacity of the phosphonomethylated chitosan stabilises the intrabuccal pH and 
prevents hyperacidity and hence tooth decay. 
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In contrast to polyvinyl phosphonates and similar derivatives of syntlietic polymers, the phoa^ 
phonomethylated chitosans of formulae (1) and (2) and the glucans of fonmula (3) are com- 
pounds which are biocompatible and completely bio-degradable. 

The preparation of these compounds Is canled out by phosphonomethylation of chitosan in a 
manner known per se. Further details on their preparation may be found in EP-A-0,713,882. 

In another of its aspects, this invention relates to an oral composition, which comprises 

(a) 0.01 to 1 0 % by weight, preferably 2 to 5 % by weight, of at least one linear molecularty 
dehydrated polyphosphate salt, and 

(b) 0.0001 to 5 % by weight of a polyanionic and polyanionicallyHjerivatised natural poly- 
saccharide. 

The polyphosphate salts component (a)) used according to this invention, for example the 
hexametaphosphate, tripolyphosphate and pyrophosphate salts which are effective as active 
substance against the formation of bacterial plaque in the novel oral composition, are water- 
soluble alkali metal salts, such as the sodium, potassium or ammonium salts, and mixtures 
thereof. These compounds are known as agents preventing bacterial plaque from 
US-A-4.627,977 and 4,806.340. 

Component (a) in the novel oral composition is preferably hexametaphosphate, tripolyphos- 
phate, pyrophosphate or mixtures of these compounds. 

The polyphosphates can comprise, for example, 2 to 120 phosphorus atoms and are used in 
the novel oral composition In amounts from 0.01 to 10 % by weight, preferably from 2 to 5 % 
by weight, based on the total weight of the composition. 

Pyrophospliate is preferably used as a mixture of tetrapotassium pyrophosphate and tetra- 
sodium pyrophosphate. 

The novel composition may also contain antimicrobial active substances, for example phenol 
derivatives, diphenyl compounds, benzyl alcohols, chlorohexidine, C|2-C|4alkylbetaine. Cg- 
C^^toVt^ acid amidoalkylbetaine, amphoteric surfactants, trihaiocarbanilides, quatemary 
ammonium salts and, very particulariy, 2-hydroxydlphenyl ethers of formula 
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wherein 

Y is chloro or bromo, 
I is SO2H, NOg or^^5©sall^^ 
is(gfto3. 
is<^to3. 
isOorl. 
is 0 or Land 
isOorl. 



IS 

p 

m 
n 



Very particularly preferred compounds are ttiose of fonnula 



(5) 



(6) 




The novel oral composition can also comprise compounds releasing fluoride ions which are 
effective against caries fomiation, for example inorganic fluoride salts, such as sodium 
fluoride, potassium fluoride, ammonium fluoride or calcium fluoride, or organic fluoride salts, 
for example amine fluorides which are known under the tradename Olafluor. These com- 
pounds may be present in the novel composition in amounts of 0.005 to 3 % by weight, 
depending on solubility and kind of composition. 



The novel oral composition is preferably liquid, for example in the fomi of a mouth wash or 
mouth rinse, the composition preferably being a 1:1 to 20:1. preferably a 2:1 to 10:1, mixture 
of wateT arid alcohol. ' 
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The pH of the novel oral composition is 4.5 to 9, preferably 5.5 to 8. 

The novel oral composition can also be in solid or pasty form, for example in the form of 
tooth powder, tooth tablet, toothpaste, tooth gel or tooth cream. Such a solid or pasty com- 
position usually comprises an orally acceptable, water-insoluble polishing material. Examples 
of such polishing materials are water-insoluble metaphosphates, tricalcium phosphates, de- 
hydrated dicalcium phosphates, calcium pyrophosphates, aluminium silicates, zirconium sili- 
cates, bentonite, or mixtures of these compounds. The polishing material is usually present 
in the solid or pasty composition in amounts of 10 to 90 % by weight, preferably of 10 to 
75% by weight 

The novel oral composition can also contain further materials, for example whitening agents, 
presen^atives, silicones, chlorophyll compounds, other agents for the prevention of bacterial 
plaque, urea, diammonium phosphates, and mixtures thereof. These adjuvants are present 
in the novel compositions in such concentrations that the positive properties of the composi- 
tion are not affected. 

Additionally, the novel composition may contain flavouring and sweetening agents, for exam- 
ple peppemiint oil, eucalyptus, marjoram, cinnamon, saccharin and the lii^e. 

The novel oral composition can be incorporated into lozenges, chewing gum or other pro- 
ducts, for example by being stinred Into a wamn gum material or by coating the exterior sur- 
faces of a chewing gum. 

The invention is illustrated by the following Examples. 

Example 1 : Measurement of the activity of alkaline phosphatase 
The activity of alkaline phosphatase is measured using the kinetic colour test for clinical- 
chemical analytical systems (Olympus System Reagents 800, MIT Serice Inc.; San Die- 
go CA). Instead of the blood usually used, the source of alkaline phosphatase is a solution 
comprising 200 |jI of a suspension of alkaline phosphatase of E. coil (Ruka, CH-9471 
Buchs), taken up in 20 ml of 0.1 mol/l tris-HQ buffer, pH 8.0, and prepared with an activity of 
alkaline phosphatase con'esponding to 3 U/ml (Us units), (henceforth called solution (A)). 
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As measuring solutions, 100 mg of phosphonomethylated chitosan (= P-chitosan) are dis- 
solved in 20 ml of 0.1 moVl tris-HCI (pH 8.0) and diluted further with 0.1 mol/l each of tris-i4CI 
to 2.5; 0.5; 0.1 ; 0.05; 0.025; 0.01 ; 0.0075; 0.005 and 0.0025 mg/ml (solutions B and C). 

In order to measure the influence of phosphonomethylated chitosan on the activity of the 
ailcaiine phosphatase, 100 pi each of the enzyme solution A are mixed with 900 pi of the 
dilutions of B or C. According to the clinicai-chemical protocol, the activily of the enzyme is 
determined spectrophotometricaliy via its ability of degrading the slightly cotoured p-nitro- 
phenyiphosphate to the intensely coloured p-nitrophenol (see Table 1). 



Table 1 






Defined inhibitory 
concentration 
fmo/n 


Alk. DhosDhatase activitv Tunitsl 
phosphonomethvtated chitosan 


Reference 
funitsi 


4536 


205 




907.2 


104 




453.6 


39 




90.72 


15.5 




45.36 


23 




9.072 


41.5 




4.536 


73.5 




0.9072 


302 




0.4536 


302.5 




0.09072 


381.5 




blind 


1 




reference 




325.5 



These results show that phosphonomethylated chitosan effectively reduces the activity of 
alkaline phosphatase. 
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Exampie 2: Preparation of a toothpaste 



ingredients %bv weight 

Distilled water ad 100 

D-gludtol 40,0 

Zeodent113 20.0 

glycerol 20,0 

tetrasodium pyrophosphate 12.0 

disodium pyrophosphate 3.40 

sodium lauryl sulfate 1 .37 

aromatics 1.35 

PEG-6 1.33 

sodium carboxymethylcellutose 1 .00 

sodium fluoride 0.50 

acrylic acid homopolymer 0.20 

saccharin sodium 0.20 

titanium dioxide 0.16 

P-chitosan 0.03 

FD&C Blau CI 42090 (No.1 , 1 % sol.) 0.03 



This toothpaste is very effective against bacterial plaque. 
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gxamolB 3: P reparation of a mouth wash 



Ingredients P^rygpt by weight 

Distilled water ad 100 

ethanol 1000 

glycerol 10.00 

PEC5-PPO-PEO block polymer 2.00 
tetrasodlum pyrophosphate 1.50 
aromatics 1-35 

disodium pyrophosphate 0.50 

sodium fluoride 0.50 

saccharin sodium 0.3 
P-chltosan 0.02 



This mouth wash is excellently suitable for prophylaxis against bacterial plaque. 



Example 4: Measurement of the adsoro tion and desomtion of microorganisms 
a. Adsonption 

Bacteria; S. mutans (ZIB6008); S. mitis (KL-stab.); S. anguinosus (ZIB6006) and S. sanguis 
(ZIB6010) are plated out anaerobically on BA plates and incubated. One colony each is 
allowed to grow to a density of about 0.5 ODeeo in Todd-Hewitt broth as stock sdution. 

SOmg of hydroxylapatite pearis (HA: Macro-Prep Ceiamte Hydroxylapatlte. SOmicron. of 
BioRad) are washed once with 1 ml of sterile H20 and three times with 1 ml of absorptkm 
buffer sterilised by filtration (5mM KCL, ImM CCIi 0.1 mM MgCIa; ImM K2HP04, pH 7.2) (cf. 
Berry & Siragusa (1997); Appl. Environ. Mterobtol. ^ 4069-4074). 2ml of ttie bacterial solu- 
tion are centrifuged (1 0,000 rpm, 5 min) and washed twfce wltti adsorption buffer and are 
then resuspended in 1 ml of adsorption buffer containing different concentrations of test sub- 
stance or no test substance. This solution is combined with the hydroxylapatite pearis sus- 
pended in 1 ml of adsorptton buffer and incubated, wtth slight shaking, for 30 min at 37*^. 
After the HA pearis have sedimented, the supematent is removed. The HA pearis are dis- 
solved in 1.6 ml of 0.5 N HQ. The optical density (ODeeo) of this solution is detemtined and is 
placed in relation te the control conteining no test substance pr^red for each dilution 
series (control: 100% adsorption). 
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b. Desorotion 

Bacteria: S. mutans (ZIB6008); S. mitis (KL-stab.); S. anguinosus (ZIB6006) and S. sanguis 
(ZIB6010) are plated out anaerobically on BA plates and incubated. One colony each is 
allowed to grow to a density of about 0.5 ODeeo in Todd-iHewItt brotli as stock solution. 
50 mg of hydroxylapatite pearls (HA: Macro-Prep Ceramic Hydroxylapatite, SOmicron, of 
BioRad) are washed once with 1 ml of sterile H2O and three times with 1 ml of absorption 
buffer sterilised by filtration (5mM KCI, ImM CCI2; 0.1 mM MgCk; 1mM K2HPO4, pH 7.2) (cf. 
Berry & Siragusa (1997); AppL Environ. Microbiol. SSx 4069-4074). 2 ml of the bacterial solu- 
tion are centrifuged (10,000 rpm. 5 min) and washed twice with adsorption buffer and are 
then resuspended in 1 ml of adsorption buffer. This solution Is combined with the hydroxyl- 
apatite pearis suspended in 1ml of adsorption buffer and incubated, with slight shaking, for 
30 min at 37^C. After the HA pearis have sedimented, the supematant is removed. The HA 
pearis are washed once with adsorption buffer and are then incubated, with slight shaking, 
for 30 min at 3TC with 1 ml of adsorption buffer containing different concentrations of the 
test substance. After the HA pearis have sedimented, the supematant is removed and the 
HA pearis are dissolved in 1.6 ml of 0.5 N HCI. The optical density (ODeeo) of this solution is 
determined and is placed in relation to the control containing no test substance prepared for 
each dilution series (control: 0% desorption). 
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Results: 

a. Phosphon onriethvlated chitosan 

In vitro inhibition of the adhesion of micron raanisins essential for olaaue and tartar fon 

MiciQoroanism P-chitosan f%1 Inhlbition+A f%1 Average eTOf 

S. mutans 0.2 

0.02 
0.002 
0.0002 



76.0 +/- 5.26 

38.8 +/-7A6 

27.0 4/- 4.29 

13.4 47-4.14 



S.mltls 0.2 84.1 +/-0.97 

0.02 67.8 ■I/-3.37 

0.002 27.4 4/- 6.43 

0.0002 7.1 4/-4.66 

S. sanguis 0.200 85.1 4/- 0.81 

0.02 72.7 4/- 4.84 

0.002 43.6 9.05 

0.0002 35.4 */• 10.37 

S.angulno8U8 0.200 % 74.3% 4/-3.78 

0.02% 43.1% +/- 10.92 

0.002% 24.8% 4/- 9.67 

0.0002% 85% 47-1,44 
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In vitro desorption of adhe ring microorganisms essential for olaaue and tartar fcM-maton 



Micmoroanism 



P-ehltosan r%1 lnhit)ltion4y- r%1 



Average enx>r 



S. mutans 



0.2 
0.02 
0.002 
0.0002 



87.3 
60.2 
35.9 
14.7 



10.65 
-17-2.93 
W-5.98 
+/-8.31 



S.mlti8 



0.2 
0.02 
0.002 
0.0002 



89.2 
59.4 
30.8 
17.3 



+/-2.06 
+/-7.70 
+/- 8.21 
+/-7.56 



h.l.6-1.3-B-Glucan 



In vHro inhibition of tlie adhesion of microoroanism s essential for plague and tartar formation 



Microorganism 
S. mutans 



1.6 1.3-B-Glucanf%1 Inhibition^- f%1 Average error 



0.2 
0.02 
0.002 
0.0002 



79.8 
59.3 
41.0 
27.35 



+/-1.68 
■t/-1.53 
+/-2.S3 
+/-7.20 



S.mitls 



0.2 
0.02 
0.002 
0.0002 



73.1 
46.7 
25.6 
15.6 



+/-2.72 
+/-3.67 
+/-3.0B 
4/- 4.77 
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In vitro desorotion of adhering microoraanlsms essential for olaaue and tartar formation 
Mitaooroanism 1-6 1.3-B-Glucan [%1 % Desorplion Aver^q? ^rrgr 



S.mutan8 0.2 79.8 1.68 

0.02 59.3 1.53 

0.002 41.0 2.53 

0.0002 27.35 7.20 

S.mlti8 0.2 73.1 2.72 

0.02 46.7 3.67 

0.002 25.6 3.09 

0.0002 15.6 4.77 



c. N-Dicarboxvmethvlchitoaan 

In vitro Inhibiti on of the adhesion of micrporaanisms essential for olaaue and tartar f( 

Microorganism N-dicarfaoxvmethvl- inhibition^/- r%1 Average error 
chitosan f%1 



S.mutans 0.2 48.9 +/-8.87 

0.02 19.1 4/- 9.82 

0.002 14.6 4/- 4.60 

0.0002 7.5 4/- 4.60 



S.mlti8 



0.200 
0.02 
0.002 
0.0002 



42.1 
32.8 
23.43 
14.5 



4/- 5.26 
4/- 3.38 
4/- 2.30 
4/- 8.05 



f 
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What is claimed is 



1. Use of polyanionic and polyanionically-derivatised natural polysaccharides or non-derlva- 
tised natural polysaccharides for inhibiting alkaline phosphatase. 

2. Use of polyanionic and polyanionically-derivatised natural polysaccharides for inhibiting 
alkaline phosphatase. 

3. Use according to either claim 1 or claim 2. wherein the natural polyanionic polysaccha- 
rides are mucopolysaccharides and other polyanionic polysaccharides. 

4. Use according to any one of claims 1 to 3, wherein the polyanionic and polyanionically- 
derivatised natural polysaccharides have a molecular weight of > 5000. 

5. Use according to either claim 1 or claim 2, wherein the polyanionically-derivatised natural 
polysaccharides are derived from dextrans, xanthans and glucans. 

6. Use according to any one of claims 1 to 5, wherein the derivatised natural polysaccharides 
contain phosphate groups, phosphonate groups or methylphosphonate groups. 

7. Use according to either claim 1 or claim 2, wherein the natural polysaccharide used is 
chitin. 

8. Use according to claim 1, wherein the natural polysaccharide used is chitosan. 

9. Use according to either claim 1, daim 2 or daim 8, wherein the polyanionically-derivatised 
polysaccharide used is phosphonomethylated chitosan containing repeating units of fonmula 
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Wherein 

is hydrogen or a radical of formula 



(la) x,-o-P=Q 

O — Xa 

R2 is a radical of fonmula (la), 

Xi and Xj are each independently of the other hydrogen, Ci-CsalkyI or an alkali ion or 

ammonium ion, and 
n is20to4000. 

10. Use according to dalm 9, which comprises using phosphonomethylated chitosan of 
fonmula 




wherein 

X^ and X2 are as defined for fonnula (1). 



1 1 . Use according to either claim 9 or claim 10, which comprises using compounds of 
formula (1) or (2), wherein 

X^ and X2 are each independently of the other alkali metal, and 
n is 20 to 1000. 



12. Use according to claim 1, wherein the non-derivatised natural polysaccharide used is 
1.3-p-glucan. 
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13. An oral composition, which comprises 

(a) 0.01 to 10 % by weight of at least one linear moleculariy dehydrated polyphosphate 
salt, and 

(b) 0.0001 to 5 % by weight of a polyanionic or polyanionicaliy-derivatised natural poly- 
saccharide. 

14. A composition according to claim 13, wherein component (a) is hexametaphosphate, 
tripolyphosphate, pyrophosphate or a mixture of these compounds. 

15. A composition according to either daim 13 or daim 14, which additionally comprises as 
antimicrobial active substance a compound of fonmula 




wherein 

Y is chloro or bromo. 

Z Is SO2H, NO2 or C,-C4all<yl. 

r is 0 to 3, 

o is 0 to 3, 

p isOorl, 

m IsOorl, and 

n IsOorl. 

16, Use of the oral composition according to any one of claims 13 to 15 for prophylaxis 
against or removal of bacterial plaque. 

17. Use of the oral composition according to any one of dalms 13 to 15 for preventing the 
adhesion of microorganisms on solid surfaces and for desorbing microorganisms on solid 
surfaces. 
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